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The aim of the study was to verify the thesis that the cardiotoxic effects of doxorubicin
are connected with activation of the ubiquitin - proteasome pathway followed by protein
degradation. The expression of myocardial damage markers - fatty acid binding protein
(H-FABP) and brain natriuretic peptide (BNP) was evaluated in rat fetal cardiomyocytes

fgﬂ?ﬂi}n, simultaneously treated with doxorubicin and the proteasome inhibitor — bortezomib. The
BNE, level of H-FABP and BNP protein under the influence of doxorubicin was decreased below
H-FABE, the detection threshold with unchanged (H-FABP) or elevated (BNP) mRNA expression
proteasom. level. Against the expectations, the inhibitor of proteasome did not abolish this effect. The
observed abnormal expression of BNP and H-FABP protein after doxorubicin treatment
makes their diagnostic significance in anthracycline cardiotoxicity questionable.
INTRODUCTION ubiquitin-proteasome pathway, the drug leads to degradation

Doxorubicin has been used in cancer therapy for more
than 40 years. In addition to the antitumor effect, it also
has clinically significant toxic effects against myocardium
[5]. Previous studies have shown that the mechanism of
the antitumor effect is different from the mechanism of
cardiotoxicity. The antitumor effect of doxorubicin is pri-
marily due to the inhibition of DNA and RNA synthesis by
forming covalent bonds with nucleic acids, as well as an
interaction with helicase and topoisomerase II [18]. It was
also shown that doxorubicin acts on cancer cells via the
ubiquitin-proteasome pathway as its inhibitor [12]. However,
toxic effects on the myocardium are associated with the
generation of oxidative stress, which leads to the damage
of proteins, lipids, and DNA [19]. It was also shown that
doxorubicin in cardiomyocytes can act as an activator of the
proteasome. Intensifying the properties of the proteolytic
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of proteins and critical cardiac transcription regulators which
are important for cardiac functioning [10]. It was shown that
doxorubicin can cause a decrease in cardiac proteins such
as fatty acid binding protein (H-FABP) and brain natriuretic
peptide (BNP) — potential markers of anthracycline cardio-
toxicity, which calls into question the validity of its evalua-
tion in patients treated with doxorubicin [9,17]. There was
no evidence, however, whether abnormal expression of these
proteins is associated with the activation of the ubiquitin-
proteasome pathway. Therefore, the aim of this study was
to evaluate the expression of H-FABP and BNP at the level
of protein and mRNA in rat fetal cardiomyocytes treated
with doxorubicin and the proteasome inhibitor — bortezomib.

METHODS

1. Cell culture

Tests were carried out on cell line H9C2. These are
cells that are genetically subclone of the original cell line
derived from a rat embryo heart tissue BD1X. The culture
was grown at 37°C in a 5% CO, atmosphere.
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Cells were treated with bortezomib (LClabs, USA) which
was added to the cultures for 30 minutes prior to administra-
tion of doxorubicin (EbewePharma, Austria). The culture
was terminated after 24 hours’ incubation with doxorubicin,
and protein and mRNA were isolated.

Doses of the compounds and the incubation time were
selected basing on the results of the MTT cytotoxicity assay
and the evaluation of cell morphology with a microscope.

Table 1. Doses of doxorubicin and bortezomib used in the study

Doxorubicin Bortezomib

Control - -

B1 - 1pM
B100 - 100 nM
Al 1uM -

A5 5uM -
B1Al 1uM 1puM

B1 A5 5uM 1uMm
B100 A1 1uM 100 nM
B100 AS 5uM 100 nM

2. Determination of cytotoxicity of test compounds using
the MTT assay

Cells were seeded in culture plates 12-well, after about
20000 cells per well and incubated with test compounds
(at the above concentrations). Then, after 4, 24 and 72
hours 200 ml of solution dye was added per 1 ml of culture
medium at the concentration of 4 mg / ml. After 4 hours,
the MTT solution was pulled down and 1 ml of DMSO was
added. The absorbance was measured using a plate reader
at a wavelength of A = 540 nm.

3. RNA Isolation

RNA was isolated using TRI reagent (Sigma-Aldrich,
USA) according to the manufacturer’s instructions. The
integrity of the RNA was checked using electrophoresis in
1.5% agarose gel. The concentration and purity of RNA were
assessed by measuring the absorbance at a wavelength of A
=260 and A = 280.

4. Reverse transcription

Reverse transcription was performed using High Capacity
cDNA Reverse Transcription Kit (Life Technologies, USA)
according to the manufacturer’s instructions.

5. Determination of gene expression by real — time PCR

The relative expression of genes BNP and H-FABP was
measured by reaction Real-time PCR, AACt method, using
[-actin as an endogenous control.

The reaction was carried out in AppliedBiosystems 7500
Fast, using Fast Universal Master Mix and primer sets and
probes: TagMan Gene Expression Assays Rn 00577366
mlFabp3, Rn00580641 mI1Nppb, Rn00667869 m1Actb.
6. Determination of BNP and H-FABP protein expression
by Western Blot

To isolate proteins cardiomyocytes were treated with
lysis buffer and cell lysates were centrifuged at 12 000 rpm
for 20 min. The protein concentration in supernatants was
determined spectrophotometrically by the Bradford method.

Proteins from cell lysates were separated in denaturing
conditions on a polyacrylamide gel at the concentration
of 15%, at 120V for approximately 2 hours. Transfer of
proteins was then carried out from the gel to a nitrocel-
lulose membrane at a constant voltage of 30V for 1.5 hr.
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To visualize the proteins the appropriate antibodies were
used (RbpAb a cardiac FABP, ab 102075,RbpAb a pro BNP,
ab 32842, RbpAb a beta Actinab 8227, Abcam, United
Kingdom), with a set of reagents Western Breeze Chromo-
genic Western Blot Immunodetection Kit (Invitrogen, USA),
while B-actin was used as a loading control. The intensity
of the resulting bands was compared by densitometry using
1D Imane Analysis Software (Kodak, USA).

RESULTS

There were only slight changes in mRNA expression for
H-FABP gene (Fig. 1) while the expression of BNP mRNA
increased in all tested cultures, especially after bortezomib
treatment (Fig. 2)
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Figure 1. The level of H-FABP mRNA expression, expressed as %
of expression in control cells
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Figure 2. The level of BNP mRNA expression, expressed as %
of expression in control cells

Expression of H-FABP protein after administration of
bortezomib falls below the control. It was the lowest in cells
treated with a higher dose of the drug. In other assays protein
was undetectable by Western blot (Fig. 3).

BNP protein expression was the highest after incuba-
tion with bortezomib at the concentration of 1 micromol.
However, the protein level was lower after the administra-
tion of bortezomib at the concentration of 100 nmol. In the
remaining samples, protein expression was undetectable
with the applied method (Fig. 4).
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Figure 3. The level of H-FABP protein expression, expressed as %
of expression in control cells
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Figure 4. The level of BNP protein expression, expressed as %
of expression in control cells

DISCUSSION

Doxorubicin is toxic to the heart muscle mainly through
the induction of oxidative stress. In addition, it disrupts
homeostasis of calcium and iron [5] and acts as an activa-
tor of the ubiquitin — proteasome pathway in myocardial
cells [10,14]. It has been sought factors that allow prevent
anthracycline cardiotoxicity as well as diagnostic markers
by which early changes in the heart of patients treated with
doxorubicin can be detected.

There are contrary result of studies on the usefulness
of H-FABP as a marker of anthracycline cardiotoxicity.
Chronic administration of doxorubicin causes a decrease
in the expression of mRNA for H-FABP. The decrease of
expression was shown to be dose-dependent. Also, it is sec-
ondary to its cytotoxic activity by inhibiting synthesis of
DNA, RNA and protein [15]. Inhibition of H-FABP mRNA
expression also occurs through the production of reactive
oxygen species [16]

In our study, there were no changes in mRNA expres-
sion for H-FABP. Bortezomib alone in a lower dose resulted
in a 30% increase, while in the cells treated with the two
compounds there were observed small (less than 20%)
decreases in the expression of this gene. Different changes
were observed at the protein level — H-FABP expression
was seen only in the control cardiomyocytes and in cells
that were treated with two concentrations of bortezomib,
while expression in the cells cultured in the presence of

doxorubicin, doxorubicin and bortezomib was undetectable.
This means that the synthesis of H-FABP was not inhibited
at the stage of transcription, but rather on the subsequent
stages. We cannot determine whether the observed phe-
nomenon resulted from increased proteasome activation
and degradation of the protein of interest as bortezomib did
not remove the effect caused by doxorubicin.

Bortezomib is an anticancer drug, but it is also character-
ized by high toxicity to normal cells. Bortezomib acts on
tumor cells by way of inhibiting the ubiquitin — proteasome
[1] as well as by inhibiting the activation of NF-kappaB[8].
In the literature there have been reports on toxic effects of
bortezomib whereby bortezomib by inhibiting the ubiquitin
— proteasome leads to cell growth inhibition in the myocar-
dium, which is induced by NF-kappaB. It was found that
bortezomib inhibiting the ubiquitin — proteasome leads to
block translation initiation process, which contributes to
achieving balance between the degradation and the synthesis
of proteins [8]. It is likely, therefore, that in the experiment
the concentration of bortezomib was too small to abolish
the effect induced by doxorubicin or it inhibits expression
of the protein at the stage of translation.

BNP protein belonging to the family of natriuretic
hormones [6] is released as a result of excessive stretch-
ing, especially cardiac left ventricle, and reflects hypoxia
and ventricular wall stress [17]. In the experiment there
was observed only a slight increase in BNP mRNA expres-
sion in cardiomyocytes after activation with doxorubicin at
lower levels. The increase was also found after treatment
with bortezomib alone and in cardiomyocytes cultured in the
presence of both compounds. Bortezomib results obtained
are consistent with studies that have been performed on
patients who demonstrated that treatment with bortezomib
increases the BNP precursor of NT-proBNP [20]. Other
studies have shown that after the administration of bort-
ezomib an increase in the concentration of BNP is observed.
BNP concentration falls then simultaneously with the ces-
sation of bortezomib [7]

However, no BNP gene expression inhibition by doxo-
rubicin was observed by other researchers [4]. The results
are also contrary to reports according to which doxorubicin
toxic effect on cardiomyocytes leads to increased protein
expression of BNP and BNP correlates with the dose of
doxorubicin [13]. At the protein level (Western Blot), as in
the case of H-FABP, expression was found only in cardio-
myocytes of control and those treated with bortezomib. In
other cultures BNP protein level was below the detection
threshold. No BNP expression after incubation with doxo-
rubicin in the experiment can be applied to the results of
Aichara et al [2]. They showed that after the administration
of doxorubicin the reduced level of BNP is caused by the
action of hydrogen peroxide. Decrease in the expression of
BNP precursor proBNP observed in studies conducted by
Betheya et al [3]. In patients treated with doxorubicin, there
were reductions in the left ventricular ejection fraction of
myocardial infarction.

Protein levels of both H-FABP and BNP decreased sig-
nificantly below control. Only bortezomib at 1 mM did not
change significantly the expression of the protein. In the
case of doxorubicin and doxorubicin in combination with
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bortezomib the the expression was below the detection
threshold. Given the fact that the level of mRNA for these
molecules was above the control or not changed, and the
expression of the protein decreased or was not detectable it
can be assumed that there is abnormal protein synthesis due
to disturbances on the posttranscriptional stage. The results
cast doubt on the desirability of determining protein H-FABP
and BNP as markers of the use of doxorubicin cardiotoxicity.

The aim of the experiment was to verify the thesis that
the cardiotoxicity of doxorubicin is connected with protein
degradation due to proteasom activation and bortezomib —
the proteasome inhibitor abolishes this effect. The results,
however, did not confirm this assumption. On the basis of
the study it can be concluded that the observed decrease
in the level of proteins was due to doxorubicin inducing
impacts on the process of translation. The supposition is
confirmed by the fact that the increase in mRNA expression
in cardiomyocytes does not translate into increased levels of
protein. Although the studies have shown that bortezomib
has the ability to decrease cardiotoxicity the results showed
that the mechanism for it is unclear.
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